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2. $- Aft & ft & FI-001 70 ft *r 28C- 1 5/ 

MERITULLINKATU 28 C 15, FI-00170, HELSINKI, FINLAND 
3- frffi 3t*f & FI-02150 3/ 

TIETOTIE 3, FI-02150 ESPOO, FINLAND 

H m l~3^fig/Fl 
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z-WA • Asm : ^ ^ a • 
: 

: (jfctt): t#a : ***** 

1. 2003/12/23; 20031905 

2. 

3. 
4. 
5. 

l. 

2. 
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(R'-R 2 ) n -Si-(X') 4 . n (i ) 

A low dielectric constant polymer, comprising 
monomeric units derived from a compound having the 
general formula I 

(R'-R 2 ) n -Si-(x«) 4 _ n (i) 

Wherein each X' is independently selected from hydrogen 
and inorganic leaving groups, R 2 is an optional group and 
comprises an alkylene having 1 to 6 carbon atoms or an 
arylene, R« is a polycycloalkyl group and n is an integer 1 to 
3. The polymer has excellent electrical and mechanical 
properties. 
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(R i -R a ) B -Si-(X , ),_ 1I (I ) 

R ! ^ — ^^^S ; i^S 
n^m l S 3 ^^ijr o 
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silsesquioxane polymers) . R # gfj^ W IS ~ M fi§ W ft - 
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4.0 



***** ' ***a«*a*»^ajiB«^7cff:fl&ii» 
JifcM*i . ^^^^^ , m*mmmn&(yLsimmm* 

iff* (blanket deposited)** ft « « ^ j*,^ ^ |Q Mfffi 

« -**&*««" mm . it . ^mmma^m^mm 

&mm7Ki± . ttH«»*(«Xffil«)fl5Kp| f . Mil . * 
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3. ' — n%mm 4oo°c o 

ft o 

Si • 

9. i&mmm.m. - m mm mm u^i&mmiEw (loss 

tangents) » 

I(J • ^« SIX ^<6^«Sifi[W ^(silicate-based low A: 
material)ftWm^^S^^m®^^^^J^^ > {IftKift 

«js ' <a * ft* » * s * f&«£t£&4&&*ftigis^ft 
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ft ' Sa&^ftWttftTLffijfia 2nm • ?Lft«^^ 30% ft 4. 
?L(mesoporous)^c0?L (micro porous)^f3^f . |R-fe;#*4#JR 

&ft > . Sjft^W^^^S 

&B9^BIIR9fU^||| WO03/015129 »»I7-|f 



jg 6,440,876 wtmnE-mmm&mmmva ■ ^tucra^ 



*Uffl 6,242,339 tt»K-a A %|& £*| . ^ 
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ffi • tIiWtffllWS^«]Pf>ff^ - S£ H 4> & "T^ 

^S,^ • £DB^lft^fg^$^(silsesquioxane) > 

f£i$*^«3m«Y«) ' 1.88 . ■ ^flj 

[Rl;f>fllSfk(orientational dielectric constant)(@>f-h^)gp^ 
iff ' ifesfc*^:^ 0.7 . Sift » ^E{£^(10kHz-10Ghz)B# > g 

<&S • l±l 5* S# (material matrix)$j j§c^«*01;* (content of 
permanent dipoles)^{£ . @ jffc 5£ M fnj ^ « ^ & (@ ^ )]g£ 

j& » o.4 o # . nm^iYmnmmitmmm. 0.15-0.3 

2.5 • mi . m^m 
nmm* 2.5 ^iff#?L#^^^^^^ft7c#ife^^ss 
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It ft • 

aura • ^^mm^wmm^mm^m^um^nm • # 



it (dangling bond effect) . ffD!ij£##* JRS*»«3fc|fc 



um^mmmm^n 2.5 . 2 .3 . 
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m • 

ss^^wm^fiij^r^^Bi • & ^ & w » s m ^ & 

- jtt^^«jfii£i "ti^" f-b^^j . fiat ft 1^ ft 

*Wf£^%m&— mm 4k-£W (linker comp«nnd)m^mm 
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(R'-R 2 ) n -Si-(X') 4 . n ( I ) 

R 1 M — I^^^S » J. 
nit 1 M 3 o 

fllfffll^g , jtb * W S « M'f^ M H M M 4> HQ M 09 




* > 3,5,7- = 

* & ^ «j m « . mmm&tm * i&mm^/mmmz.m 
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& • 

?L««/Jn^ 25%ja^?L^fM^5fi2^ lnm j^M'-h • 

2.6 JLJIWi5PPte(»tfflUftJl| 4Gpa j^Jg 

«* • T3t<mm-mmmmm • Mia^m^ai^ • ft? rid 

^«J*A.*«^S**^^-«-^fl|(Si-0-Si bridges)* |& 

^ m sg • *8%J^$WX«&££IHtt?pj5A(]rffftr 
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&m?i%&mm*:$j^mmm ■ *n&mae > gu *t $7 jgc 

0.3-0.2 ; ffD^^n^^fg^m^M^^f^^^g^^^^ 

I'JS 0.7 ^cMi^ 0 

-ill^illS^it^A^ » 2.25 ; ffff 
1-89 . ^KM^it^^ttS&e^fuiiy dense)#^f . 

Mf£ftl¥£2gr&r (methyl residues)^ MP 3£ §g ft? fi ty 

mm&Rtpmmm • ^ ^ ai ^ ^ pg © . a; 



* 'J> ft fiS/ ft 
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m i. 



mm 




k 


m k 


(wt% ) 


(wt% ) 


(wt% ) 


100 £Bim-o 


1 .92 


0.31 


2.43 


72.2 


36.4 


5.5 


75 ^ ^ 


1.86 


0.335 


2.4 


66.9 


34.8 


6.7 


50 EpS 


1.8 


0.37 


2.37 


59.1 


32.4 


8.8 


30 ^i0 3£-7O EJ3 ^ 


1.78 


0.36 


2.33 


49.5 


28.9 


11.7 


25 ^HS-75 Ep^ 


1.74 


0.43 


2.37 


46.4 


27.7 


12.8 


0 ^1031-100 ep S 


1.68 


0.55 


2.43 


22.4 


15.4 


23.1 1 



m i i^f tttis 30 in 70wt.-%fggi^ . 
& 40 si 60wt.%s# . mm^mm^mmu • 



ummmmm io a so 3g:?%i$£3R^£$r$t£s . 3 o 
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(R 3 -R 4 ) n -Si-(X 2 ) 4 .„ (II) 

x 2 Mmmm&mm - its - ^tts&ix oh mz.— 

R^Hf 1 m 16 fiSHC^^S * 2 5 6 {gfigjgt 

* mm 3 1 i6 amuc^^^s . mm, s s is 

1 M 3 ^It . 

(a) ^W^(III)^^^^^/ 
X 3 3 . a -SiR 5 b R 6 c R 7 d (HI) 

x 3 ^tk— Ri7jc^s . r 7 m^mw'\±Mm-mm^m 
wttmttmmmfcm > r 5 m r 6 * mm<xmmm 

&&&wtt&j ; %&mm ■ a mmwt o * i ^ 2 . b * a +i se 

ft ' c o>i^2-d ^Mlfc oin b+c+d= 3 » 

(b) If ^(IV)^^ft^tl 
XVe-SiR 8 r R%R ,0 h (IV) 
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Kf^«*»Kft«7^«S » el 0 • 1 iU< 2 £K« . f J£ e +l 
'8iOM^2 ■ h £ 0 lg 1 £aSftJL f+g+h 

= 3 > 

(c) If^TO^ftA^ 



X 5 3 . r SiR n j R ,2 k R ,3 I (V) 

x 5 m^- ^y^mrn » r m ^m^* ■ im«Rrs 
ttif-ii#i^f-ti ' r I2 isi R'Miiii * mmft 

o^i^ 2^^^ , j. ^ i+i , k ^ q, ! X 2^mm » 

!I0^1 ^L^tfc ' J. j+k+l=3 > 

41 R 3 Iftf 7 S 16 fi^^^SiJ^li^S > «fB(U£ 91 15 



(R 3 -R 4 )„-Si-(X 2 ) 4 . n (VI) 



^HSJ^S OH pTtK; 



R^-JI^ l 2 6 {MUC^^S * 2 M 16 
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R 3 ^JIW i S 16 fiBJgc^£&ai «M 2 s 6 fli^M 

n 1 S 3 ^^t^ - 

R 3 mi%mm mwwmmm i s 6 reiser • 
6 - 

±w-mm&m-mw.mw7tzmftMJ$bbmmiE 25 75 

I 75 : 25 • 

it i=r (a)M (c)^ ^ it a - m m s ^ m w m ^ it m 

(copending patent)^ PCT/FI03/00036 ^fMPi^f^ , 

^ » sift ■ ft«m«^i$wtit&*a£$r£g . M^mftwm 
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Yt.S#^f(ethoxide-based material) > It M & 
(dangling bond effect)M & Wft ffi 1$ » Jft - jfcfc 

i$?LHR2£«i5 ■ » £6 61 » X jg - Hjtb > *«§Hfi5j^ 



(R l -R a ) B -Si-(X') 4 . B 



(I) 



n-mm i m 3 ^it o 

7l"^^^^P(silanol)"fitf o , ktmfjkgiffi^tfjtyffi 

&'ht§ 0.5wt.-% « 

m 70wt.-% . t^ft^-*^ 48 wt.-% o 

^WSfl — ^H!(^(diadamantyl) - ^ H!J g ^5 ~ & Rljag ft ^ 
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^mm^m • r 1 ^ r 3 ti^g?jt*m^it*s - s^j^-se 

$D±m^ • Jt 5$ (I) £ ■ * 5$ (Il)ft; 1$ — SB 



f£ £ ifr JHP 



tbJ^ 25 : 75 I 75 : 25 ®^ - 



»** * *^(*»*#i-a«^a£'ei&te^») . mm 

J$(MM 2 £i£l)frTmm 500 S 100,000 g/mol £ « # J* .. 
' ^^^AnT^JtfcteHftJTISCfiP 500 m 50,000g/mol . 

500 S 3,000g/mol) . Jtt *fi B «j _t R $p 5000 £ 

100,000g/mol ^ 10,000 £ 50,000g/mol) - jfcfcfl* , ^ nj^fg 



EE a 
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*&*Amm^m-mMj£ftnnm'hn 2.5 ^M/j^ 

unworn • J^«^m»»Hft(f&*ftx/^3fic^) , 
ft ma Br* his M)«^mi^«iau - nmmfcftmm • *r 

£ttti!ftMft 1/6 o , ftagft^n^^ , nrn:^^: 

^WttH-fc^raSifTJI^rWfl&HY-k • & ft Sift RES ft ft ffl 
Slit • fflfig^^ . s^tttM - ■ *f 

« • fM^ rtc mmm&mm±ffimf&tt&m • RTtgsH- 



13521pif.doc 



22 



& • 

2oo°c - atmn^mmrm^^jimi^^mumm^ux^ 

io°c . 3o°c . mat • 

Slfcfc • # ifc !fg lift @ ft i$ tfi , M^fM^T^-a-^j^ 

«n»*fts* » mat • /h*^jp^^^f^«s^.^f£5^ji 
ftfl&^ft«jw**ifia&3fer«^«^ji io°c^c io°c j^t«j 

5l^iJnia • HftM^ 15 frM ■ n^s 30 &m&± • W*g- 

|HJ^#^^J^ RTC ■ 0.1 ^ 

± • . RTC • ^RT^S#Sif?«jK«Jf!ftBfi3S 

■ Rifi5j|?^ 200°C ■ Ktfl9J|5/> 225-425°C - 
ftiftJIS^ 275°C - 



13521pif.doc 



23 



* 2.50 ^Mfg ■ jzm#jm 2.40 sem<e • mm® cte 

Jft 25xl0" 6 1/°C « 

^fS • SSfS^ 25% . ^^6tfSf£^ 20% . 

15%(««t) . RJl&jZp&lR^m'hn 5nm . |* fi£ 1$ ^ /Jn J* 

2nm > Mf^l&S/J^ lnm • ^Si^^a^WJIftHft^ft • 

3£ H S@ |£ » HI & 31 (Extreme UV, EUV)^ U 

fi^-ffl • n&m * mm * mm * ^^mmm^mn^ym 
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« w k n x fb • 2: a . sftBttftftBUJUBig > . m 
^nnftm«* 2.5 . ss^es 2.4 o mmw^nnm^ 

2.0 S/Jn^ 2.6 5iW o 

^ 25 ppm/°C . _&ff&^§«^^JA 450°C - 

PCT/FI03/00036 . 2. F*3 Sf# A^^#^ - 

gf 1 

C 10 H I3 ^C1 3 
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1. C I0 H 14 + 2 Br 2 -> l,3-C I0 H )2 Br 2 + 2 HBr 

2. l,3-C I0 H l2 Br 2 + 2 Li C 10 H I2 +2 LiBr 

3. C 10 H 12 + HSiCl 3 -> C 10 H I3 SiCl 3 

tE 2000 ^^Mft^jSl^cf^nA 106.4 3£(0.781 ll^)^ 

c I0 h 14 . mm - #n A 500 mft#]-m,^l% • . 

^^^•^^iJD^S 40°C . «DA 92 ^?K286.95 J£ . 1.80 
Hlp)^ • ^cft » ffftlA^JIfi& FeBr 3 . 40°C jft 

15 /hm • 

^JhiaWE'M^ 500 «^#^6<J HC1 ftjft«%o&3 F , 

^ s fli ?ifi tt» a-«s «s k ^ . mmmm^m^^K^mm 
i,3-c 10 H I2 Br 2 ^^^ieb^ . &&>mn&m%immmmm 

#6 l,3-C 10 H 12 Br 2 



& 2000 H^f-fft^M^DA 58 3£^JS£I • . 3: 

*0A 500 Et 2 0»fi . m 1000 mTrtfS Et 2 0 192 

A£* Li/Et 2 0 . jaT»## 15 /Jn0# - 



Br 
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Mm » mmmmm • Et 2 o . ^ 3x200 *?h$iej[S 



1000 i^^^ii 

^'^ft'jJOA 600 *7H$ HSiCl 3 J^S 100^*^-6^ Speier 

mm(H 2 ptcia$z,m*)°mmmimm. 4o°c nmi^m • 
' Miiaeu HSici 3 . mmmffiETKi c 10 H 13 sici 3 m 



i^f^Mft • 95°C/1 «E - j^S: 123 3£ o 

— uwmm^mm^i-^wimwm » rt ^ w ai = 

tf€Mfc£I£S(6.i8 :£)fiUgifcZ,R(80 2£?h)tt^lllJ£0l 

??«f 1 *?n$ Et 3 N mm 30 it^a^^ • Mmmjuxmm 
• • 'h>bm±m#i&mmth - mm • • 
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40-50°C/2 «E)° 'H NMR : 1.95(15H) * 3.68(3H) . 
,3 C NMR : 20.63 - 28.86 * 3.997 * 40.61 ° 29 Si NMR : -43.55 
(q.Si-H: 19.0 Hz) . ft *@ M ffi M (GC)fi| £ ^ *g jg jjg 95.7%<» 

"i«F£H!l£ = |R?P£S(5.59 J£) * Et 3 N(9.5 ^)^D^^^ZL 
^(40 *^)gA^HIJS^^;^ o , ^ 0 °C T > & 45 

is /Jnb# - ^ . . muM^^mnm^} • 

*E 88-98 °C/1 IGTI^ > 4.54 ^(76%) - 

*fflJ»4fffl(GC)«^^jWJftjiJ 97%o G C/MS(m/z): 296(62 . 
[M]> 243(42)* 151(100)* 135(43)* 1 08(33)* 79(1 7)* 74(37) • 
'H NMR : 1.99(3H) * 2.08(6H) * 2.19(6H) * 2.74(12H) « ,3 C 
NMR : 28.63 * 38.29 * 39.07 * 48.68 - ,4 N NMR : -373.9 - 29 Si 
NMR : -10.16 • 

(#2) &®m = m,wffi 




(#3) 3,5,7-- |^|£ = ^ 




F 
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(#4) 



CF 3 



4t^ 

F 3 C— Tk ^^-y SiCI 3 



CF-, 



(#5) illilHi^ 




SiCh 



Jfcb^f • W 



a 2 

*m 1 

BiPiuummm. m 7.0 5aw^w* = 

□ □ (0.02595 MJZymtt: 56 t^^^l^. jftlttig 
ttattJDA^^^R (70*#), HZ1 (9.19 3. 0.0908 
H^)fc]7j<(4.67 ]£, 0.2595 20 ^§1 

«««n*ftsa(2o«c. 7j<?§), aj presses 
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^x^mmmmmmm^,m(3o°c » 200 «E) - mm ■ 

2JDA 50 *7f-i$* . 10 - Ttm. • ■ 

25 *^^7jcvt & = * . . **& • 

&nmwc . 1 * E ) . gist* 5.14 %»^is9 ftvv 

{&^mmmmm^mm • 65°c t • ^ 5.0 ^^ij 

^^SPilFfPIr* 17.4 ig?Hft N,N--EpSZ,ilJ^(DMAc) . 

tf¥SH»^(15.8 £ . 0.106 Jl^ Z** = fc*m(2.0 
^'0.0123^^)^-^^(77*^)^^ = ^^(8.7^.0.0867 

' 15 ftMftm^n • ^OAlft^* - 

^J^$cift?t^K^|£^(40 o c .1 *E2 > 30 #M) 0 

£f£ ' ftPA 77 «^f^-m^^(DCM) . ■ 

« • &m ■ MF 22 *54-flUH»(37%)g«|ijaA • Mfc 30 # 

mi^m^ • • ^ ^^s^^^/^fg^ 5°c &>m.mT9tn- 
90 ftm. > m&&&&Tm& 60 &m • 

^ft ' 500 «?|-S<77k(pH 6)^U 8 ^ c £l;fi£f«3£&gg 
(40-Cj 1 *E . 45 ^it)«F4feJII»fl&-lR^JK*«ite* • 

??^«*£T(2o*c . 1 as eb • 2 shmmm • 6.0 ^ 
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• mm • Ja0«*SJ»tf #KGPCm;ftm1^*:¥: 
£&fl«¥££ffi3f»l$#^l8#^i(M p )£ 17900 t£/J| 

: P?i^^ll^#§§^^(60°C • 10 IE » 40 . ^^^jg 

fT*^|g^(20°C . 1 *E ' 2 /Jx«f) . 5.78 
3& • UK GPC ^^^^^»(M p )^ 26080 J^/H^ . 'H NMR 
S^^ft/S^W 23 MM% &3&mm * 66 ^^p% (ftffl^ * 

11 3m:% e&z.«is**tt - £mm#ffi*(TGA)##f . t 0 

H 460°C . 400-500°C(^D^5S^ 5 °C/^i)^if 
2.7% « 

jg 3 • ' 

7.0 ^^nm~m,wmo. 02595 je:? 21 

THF itb^^f^^^^A^^W THF(70 H?f-) . 

= Z&(9.19 . 0.0908 H^P)fP7K(4.67 « 0.2595 
«J»«* ■ M^E 20 #it^- 0 SiDA^^^cfn , £ft 

SMTiifTsai 22 /jNBf o 
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^^^(4o°c . i «e> . j^^f# 4.62 yz&j&mmw&mw- 



ffj| 4 

j$ 65°c t ' mm i ffisitttt&Nis&Bffi 9.75 -&m 

n 34*7f-$7 N,N--^SZ,iiI$(DMAc)^ . , ?fjft& 

^^(30.1 £ . 0.201 Jt5) * Z,ffi = *R^i^(4.03 ;£ • 0.026 
JW) * — Z,»(146 I^SHZ,JS(16.6 3£ • 0.164 Hi?) 
ttigifc* • 30 frMRm$E, • ^iJDA^igfM^ • 

' nn^^Tm^mm 3 /hut . 
^FirBf£ftmmmQi&m(4o°c . 1 *e . 2 /Jnb#) - 5: 

& ' iOA 77 «^6U-«,^^(DCM) . *$2 . jkf -■ 
mm ' INF 36 «7T^^^(37%)^^J0A ■ M^E 60 #Hpg 
0 3: a ' JKF 5°c «/$asCT««i 90 

' W — - * i&M • & 60 «^ 

' • & 200 «?f^7jc(pH 6)^flJ 10 ^ o ^£f||j 
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§m(4o°c . 10 IE . 60 ^■mm^mm^-.m,^ 
^^sk^t(2o°c . i *eb . 60 frmmm • umm u.e 

#^fe^^^-i;(M p )^ 27610 ^/H^ • 

^ffim-ettfjummmn 232 m^^m iwt.-%=zjft«j 

* o ^ , j»m^«fl&W«!3(a«E(tt^jaK 150*C)2 

<M3 ' ^ft » SJa;te»aS»SI2*i(60 o C . 10 *E2 ' 60 ft 
it) ' ^??iifTJ^f£^(20 o C * 1 *E ■ 2 /JnB# ) . XUai 

» 11.8 j^i&^m o ^ GPC mfeMfr^m(M P m 30500 ^/ 
hip • «h nmr m^nm^m 27 m&mm * 62 
3*3=1:% * 11 6tjz,^m^^^ - jaa&m#0f 

fl(TGA)^t/f ' T 0 j§ 460°C . 400-500°C(Jn 5 °C/^ 
M)lftS»il3ci§ 3.2% o 



g 5 

mm 3 m«««j®^^a#3fB(. 3.6 jimmn is 

W 4wt.-% HZJgft-^?^ o £ f £ , jft&jg^ 3 /Jn0# o. 

^i^si^^^^ig^(7o o c . 10 ie . 30 frwt) - mmwm 

fT*^te*(70°C • 1 *E • 2 /jN0f ) . J^f# 3.45 
*4 - ^ GPC ^^^^^«(M p )S 46880 j^/H^ • 
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to 



ft 



mm 9.52 ft ft 0.5M «jaift^»iDA^»«nfi . 50 

' an a a * 1$ * . i^ifflTa^is 10 
wf^»»isi«E 2./Jnb# . , 

65«/o o & G PC ii^^^^i(M p )S 21840 . 
Mtrm IA 

??Jr* 200°C ^HDit±ISft 5 • £f£ . 

45o°c mrnhx^mmrmm 60 
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mmm^mmm lookHzo ?Li«*«j^3ii»«Bi«(poro8ity 

ellipsometer)^ifl4 : * £ ffi Ife ffl fig ft l!f Jl £1 3? * fi-jft 
(nanoindentation)3£?II Ji ° 

«KJK IB 

?JE*J$- n WL&M*K± • 500nm JPft3!|jftj|J{ - $cf£ . 

200°C lft;(jn!f«_hjf gift 5 > . ^JifT^Jl 

its 6o ' R^M—um&jftWLmmm 3o°c . -f^mn 

« lOOkHz* ?LPg^£mP:£#f K^M* : l§ £54$ ft ft 
figftfi!IX:J»l3**£BgE2fe£j|* • 

1^1 II A 

umn n M^H a H >t-h • 5oonm m&jwmm • • . 

200°c fiUJn*ft«±SHY-fe; 5 frm • £f£ » ^^^t^4> 

«S • fflt^lsHAciBSti^ 450°C JR & Sfc |& JR £| T « 3 60 

flfj6ira«j**ft iookH ZO iimmm^jimmmm^wim ; 



13521pif.doc 



35 



mmm hb 

tftfl^ n M^Htf ± ■ ^^fife 500nm «|$*tMKl|R - , 
200°C «7in*ftfi±iSHft; 5 . £f£ , Jf&fj ft^ 

• fcmmm !kmm&um 45o°c aum^^itT 
ia 60 ^® ' Ja^»-?a^«j^jaa^^ 3o°c - ^mn 

s lookHzo jimm&&jmmmm*mm ; iu^i&fD 



* 2 : 



Jgf 


(10kHz) 


(%) 


(GPa) 


mm. 

(GPa) 


(nA/cm 2 ) 


IA 


2.53 


8 


6.9 


0.52' 


0.03 


IB 


2.32 


17 


6.5 


0.49 


0.05 


IIA 


2.62 


13 


6.4 


0.32 


0.7 


IIB 


2.42 


28 


3.8 


0.19 


1.2 
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1 .— 



JC 



(R , -R 2 ).-Si-(X , ) 4 . B 



(I ) 



R 2 l-Igttl| '-I^MIf l S 6 fifcJK^SS 
R 1 M-I^^S ; j^s 

n i s 3 • 

^*K<E^*#»^*&;2:W«^*;£ 30 M 70wt.-% o 

^ R'iiw 9 s i6 mm^^mm^m • 

R'M — fi^ft-a-^/(cage compound) = 

r' M£tnmm—&mm • 
mmi±M^ i m 6 i@^^^ft^ o 



#7 
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(R 3 -R 4 ) n -Si-(X 2 ) 4 . n (II) 

r^ji^ i ^ i 6 mm^j^mm * mm 2 m e mmjg 
^2.mm » 3 m 16 . Mm 5 m is 

n MS 1 S 3 0 

R 3 flgtf l M 6 iilf^Hi * *w 2 

n ° 
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tomato ' &*ati)ik&tom&(ii){k&mffiffi£.2.siLm 

W-Tt^M^ttU 25 : 75 M 75 : 25 - 

m • 

^ r 1 ^ r 3 ra^sm— ffi**5£(iMb^»*i8R#jK^ 
^^mw^m^is-^ imhz auiia^ 2.50 n$His • 

KIR -&*&«J 25 • 

^^^fs^«s^^^^sH<-fcfteu^«si^^ 2.5 ^1 

s^iMifti^t!^?LPlTO 20% - 

2o.$n^it mmmmm 1 m as 2H£^*f& » 
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SfcteJ* 2.5 £ SIR . &*l*£J£*-^fl«j£ o 

25. $pEf!ifi ^ffj^H^ 23 ^m^^^mitim 2.5 
m&n 2.5 £ . 

26. $p^if «3pu«sisii 25 ^maft^j&^m^ms 2.5 
ns<«* 2.5 • n^mn&mnMm&mmw, 
m ° 

zi-tu^mmmmmm 25 mmm^m^mnmm 2.5 



mm 2.5 ^c®^ 2.5 ^^jpeu^r 
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mm* 2.5 zwrntfjum ■ £ + 

29. $n^m«fu«sm^ 25 iimat^^j^^ms^m 2.5 

30. $n^it ITOii 23 Ml^i^itti 2.5 

'asisi* 2.5 ^j^^m . &tpm&m&Mtn&mm'm& 
mmmm * mm > mmm<tmm,mm.mmmmm^mmm 

31. tu^mmmmmm 23 mmm^m^mnmn 2.5 
m&n 2.5 zmmtfj-ftm - M^mwrn^mum^m^ 

M-tatpmmmmmm 23 mmm^m^mnmm 2.5 
2.5 jtmm^m » ^^^sft^ttM^M-^- 

33. $D^ if *ftf«5IB£ 32 Ifl^i^^i^ti 2.5 
2.5 2.mm&]1j®; • Stil-illlWI^f^ 

34. *a*i&**!i«5i«fg 31 ^m^£^/£^msam 2.5 
Ucfs^ 2.5 . ^^^iH]^#^*^-«5H$i 
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^s.tiu^mmmmmm 34 mmm^.mm.^mnmn 2.5 
m&m 2.5 zmmtfjii®; • ^^mmmmmmmmm^^ 

WW • ^^^fl^lSi!f - «jg%4tjR (Extreme UV, EUV) |g 

36. $o^sff^futBin^ 31 & ffim2.mi&frmftWLn 2.5 

37. $D^it ^^j^an 31 ^m^^j^iistm 2.5 
^cfs^ 2.5 ^bub^ , ^cfjgF^^^^fi^^^g, 

2.5 mm*. 2.5 ^^j^e^j^^ . 

0.00 lwt% o 

39. $n^m«ffjfSH^ 3i ^m^^j^msmJi 2.5 

2.5 £ . ^^^^^^^m#f4^^n] 

40. $n^if ¥*u«smjii 23 ^m^^^m^tm 2.5. 
■mi&n 2.5 ^flu^s , ^^^mwmm^mum^im 

' f£^^± #L ft — ^/t (subsequent layer) > m^Mffi 

41. $D^fff^^J^K|| 23 3fffi5ffi£?12lS^m#«JS 2.5 

55®^ 2.5 zmmwum • : 
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42. *n$|ff «ftjf§|B^ 23 i^I^M^iftl 2.5 

jUclSS* 2.5 ^^^eu^rs . 3£*8**?»&*hm*m2:^* 
Slfcfl 2.1 ag 2.3 • 

43. $0^gf «?U«gH$ 23 If^ft^f^^lftg 2.5 
2.5 . £4>K&*ftrt*#ft:£IS<fe 

l.2g/cm 3 ^Hi^ • 

44. $D^it mmmmm 23 ^m^^^^wsim 2,5 
2.5 Ttmm&mm » ^*R#'«^^«#3Bi#aftjg 

M^i^/jN^- 25ppm/k o 

45. $D^|f H^IJfBBSg 23 ^ffiafc£7£j&^*fif»j£ 2.5 

2.5 ^nnau^^ , n^m^mun^jm^mum 

400°C • 

(R 3 -R 4 )„-Si(X 2 ) 4 . n (II) 
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R'tSJIW 1516 WifW^^&m - HW 2 M 6 ^BIKJK 

f 5:^1 • it 3 ^ i6 mmm^^m^m - mm s m is 

(a) lf^(iir)^^ft^ti 

X 3 3 . a -SiR 5 b R 6 c R 7 d (HI) 
ffllRft*fl9»*0&&* ' R 5 JS| R 6 * 

ffift*5fc»3RftBj3£flr* > 0^ 1 ^ 2 • a+l 

' c « 0> 1 2 -dlOil^It'I b+c+d 

= 3 ' 

(b) JIW5£(IV)£^fcl^ 
X 4 3 . c -SiR\R 9 g R 10 h (IV) 

w&mm— m^L^mMixm • r 9 m r'° «sii - 
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ft e+l . g £ 0 * 1^2 >hf O^l^lt 

1. f+g+h= 3 > 

(c) If^TO^ft^i 

X S 3. r SiR" j R' a k R» 1 (V) 

i * o * l 2 5:Mi§r £3gifc , k lo> l jHc 2 3: 

SEit ' 1 * 0 m 1 a^i^ ' 5. j+k+l=3 > 

47.— ®JtW*&^*#3ft;2:m^7G# . 

ttffiE&*MF*,fll$5l»£ 1 * 22 ft 46 *Jtm^£#3f4#T^ 
# • 
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j&^msim 2.6 mwi&z.ftnttHKjjjm • &m ■ 

S^Jt^j^/Mt^am 2.6 3fcM<££*h* . ^ 

5 i.$n 33 struts mag 48 m 49 iimat^&^sntsjs 

• Jtt£Iftffitfc/h&* 25ppm/k 
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n • 

^-#j^$o^if w^immm 23 ♦ 46 ^ 48 ^^f^t^^E^^ff 
s^jh^/hm^am 2.6 ^cm®^^«#^^^^ . ^ 
^m^muu^LJim^hn 2nm » > 

-aVa&PnfpmWWI&mM 23 ^ 46 ^ 48 TMffi$&2.&*EmM 

mm±&i%ifrnnwcm 2.6 mwi&^mun^jyjW: • ^ 

425°C - 
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